Abstract
Introduction
Pakistan needs to explore and annex chief available sources of energy for agriculture and urbanization. It seems very difficult to measure the slopes and other topographic information in the field manually for a large area where we lack database of solar radiation, hence distributed models could be reasonable tool to map the extraterrestrial solar radiation (ESR) over rugged terrain. The DEM has been used very efficiently for modeling in the GIS platform in climate and hydrological and other sciences [1] - [3] . Distributed solar radiation models proved to be successfully implied in various scientific avenues including environmental studies, meteorology and climatology [4] - [6] . The differences in landforms height, aspect and orientation of slope play key role in the spatial variation of solar radiation at ground [7] . Various studies have addressed the interaction between solar radiation and rugged complex terrain e.g. [8] - [11] . Since 1980s, spatial modeling got tremendous scope in geosciences [12] . The simulation of solar irradiance as well as possible sunshine duration (PSD) over difficult terrains paved the way for estimation of ESR over the rugged territories [13] like Pakistan. Hence, such studies not only provide geospatial database but also provide visualization of geographical accessibility to the resources in difficult terrains. To make the solar energy as a future energy source, it is pivotal to have reliable assessment of solar energy required in diversified topography at small scales [14] . In this paper, an effort has been made to assess ESR in Pakistan at monthly scale and local level with the help of distributed model.
Methodology
The simulated results are mapped based on digital elevation model (DEM) processed in ArcGIS. The DEM data was retrieved from Shuttle Radar Topography Mission (SRTM) [15] . The sun declination angle and slope in rugged terrain are essential factors to determine the amount of ESR on a particular point or grid. The atmospheric attenuation has not been considered. For more, technical detail read [14] . Some high northward slopes are not exposed to sun shining while there are slopes and plains which never hide from solar exposure until the sun sets. Thus, the landscape contributes by direction, height and steepness (angle) of the slope, while latitudinal extent is the factor which explains the angle of incident flux of solar radiation in different 12 months of the year. The response of the plains and slopes is different in case of ESR, particularly at the sun rise and sun set timings. This makes difference in daily and monthly quantity of ESR received over the plains and slopes. The results are based on the simulated model shown in Figure 1 , while physical map has been given with the detail of landforms and national territories in Figure 2 for the easy inculcation of results.
The observed ESR in diversified lands are based on the following principles 
Results and Discussion
The amount of ESR is less in January, gradually increases with shift to February, March, April to May, and touches maximum level in June and July. After July, the decline in ESR starts gradually and reaches up to minimum in December and January. 
Conclusion
The effort is based on the integration of estimated ESR simulated through DEM input into ArcGIS in order to elucidate the patterns and spatial distribution of ESR at monthly scale. The simulated results captured a blended effect of latitude and landforms that show discernible areas of varied ESR per unit area. The plains, mountainous areas, piedmonts and enclosed (open) valleys were found with different responses. In HKH, north of Peshawar valley the situation is quite complex due to towering mountains. The study could be effective for surface regional analysis of solar energy. The HKH nurture Indus River system therefore, the energy balance here based on solar irradiance is of great significance. The spatial distribution of ESR could be instrumental in the estimation of evapotranspiration and solar energy balance for agricultural practices. Based on observations, in ample areas of Pakistan, ESR was above the limit of 1200 MJ/m 2 especially in southern parts where we have encouraging prospects of solar energy development. Balochistan and Sindh (southern provinces of Pakistan) could be the best options for generation of electricity from solar energy near to Karachi, the industrial and commercial hub of Pakistan. Additionally, in northern areas, high southern slopes are also appropriate places where solar stations can be established in order to generate electricity.
